Using voxel-based (VBA) and region-of-interest (ROI) diffusion tensor imaging (DTI) analyses, we examined white matter (WM) organization in seven children with dyslexia and six age-matched controls. Both methods demonstrated reduced fractional anisotropy (FA) in the left superior longitudinal fasciculus (SLF) and abnormal orientation in the right SLF in dyslexics. Application of this complementary dual DTI approach to dyslexia, which included novel analyses of fiber orientation, demonstrates its usefulness for analyzing mild and complex WM abnormalities.
Introduction
Diffusion tensor imaging (DTI) is a technique that provides information on organization, orientation, and other features of white matter (WM) bundles (Mori and Zhang, 2006) . Most DTI studies of neuropsychiatric disorders have relied primarily on automated voxel-based analyses (VBA) of standardized images (Kanaan et al., 2005) . As in other areas of neuroimaging research, co-application of automated and manual methods, the latter delineating regions-of-interest (ROIs) in native space, is becoming more common in DTI (Seok et al., 2007; Ng et al., 2007) . This dual approach, which overcomes the limitations of each methodology, has been particularly recommended for the study of the complex changes affecting WM development (Snook et al., 2007) .
Dyslexia or reading disability, a learning disorder characterized by selective difficulties in decoding and recognizing single words (Lyon, 1995) , is uniquely suited for the aforementioned dual DTI analyses. Dyslexia has been linked to relatively mild developmental abnormalities (i.e., microdysgeneses, abnormal symmetry of the planum temporale) and dysfunction of cortical regions surrounding the Sylvian fissure, by both post-mortem and magnetic resonance imaging (MRI) studies (Galaburda, 1993; Pugh et al., 2000; Eckert, 2004) . These data suggest mild and complex disturbances in WM bundles coursing through the temporo-parietal region, as the result of focal disruption or topographic changes. Supporting this hypothesis, earlier DTI studies of dyslexia have revealed decreased fractional anisotropy (FA) in the area of the left superior longitudinal fasciculus (SLF) (Klingberg et al., 2000; Beaulieu et al., 2005; Deutsch et al., 2005) . However, they have also demonstrated a more diffuse cerebral WM involvement (e.g., corona radiata, internal capsule) (Beaulieu et al., 2005; Deutsch et al., 2005; Niogi and McCandliss, 2006) . With the exception of the report by Niogi and McCandliss (2006) , these studies have mainly used VBA and no concurrent evidence has been presented for any particular finding. In this study, VBA and ROI approaches, including novel analyses of fiber orientation, were complementarily used to examine key cortical WM tracts in children with dyslexia. We also explored relationships between DTI measures and reading ability.
Methods

Subjects
Participants were children, aged 10-14 years, who had received a classification of either dyslexic (n = 7; 6M, 1F) or control (n = 6; 2M, 4F) from a previous research study and were recruited for the present 
